Background: Reduced physical activity is a known risk factor for many illnesses. Research in adolescent populations found increased physical activity levels improves objective health outcomes, but there is conflicting evidence regarding the relationship between physical activity levels and self-reported health status. Aims: To synthesise current evidence on the association between physical activity and self-reported health status in adolescents. Secondary objectives are to assess whether the relationship is dose dependant, and the appropriateness of WHO recommendations on adolescents' physical activity. Methods: The main databases were searched using keywords for the main outcome of interest (health status, health behaviour and self-perception) and exposure of interest (motor activity, physical activity and exercise), supplemented with manual searches, secondary citation and reference searches. Quality appraisal was carried out using the Strengthening the Reporting of Observational Studies in Epidemiology checklist. Results: Eleven studies entered this review. Nine studies reported a significant relationship between increased levels of physical activity and improved self-reported health status, however two did not. Two studies followed up participants and found that the relationship persisted over time. Two papers described a dose-response relationship.
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Introduction

P
hysical activity is defined as 'any bodily movement produced by skeletal muscles that require energy expenditure'. 1 The WHO ranked physical inactivity as the fourth most important risk factor for global mortality, accounting for 5.5% of deaths worldwide. 2 It also accounts for 2.1% of the global burden of disease measured in Disability Adjusted Life Years; these effects are due to increased risk of many conditions including Type 2 diabetes, ischaemic heart disease, certain cancers and depression. 3 In both adult and adolescent populations, there is a strong association between increased levels of physical activity and improved objective health outcomes. 4 Research in adults has shown that physical activity is also positively associated with subjective health outcomes, such as selfreported health status 5 a construct that comprises personal experiences of ill health, fitness, health behaviours, life situation and selfesteem 6 and has been shown to be a strong and independent predictor of mortality. 7 The relationship between physical activity and self-reported health status is dose-dependent in adults. 8 Despite a number of studies investigating physical activity and self-reported health, currently there is a lack of understanding of the relationship between them, particularly in adolescent populations. The association in adolescents may not follow the same pattern as in adults, since adolescents have not engaged in physical activity long enough for the perceived benefits in health status to accumulate. 9 The construct of health status itself may differ in adolescents compared with adults. Adolescents are likely to place a higher bearing on health behaviours rather than considering current or past health problems. 10 In addition to the potential positive effects on perceived health status, physical activity is associated with better weight control.
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Since most overweight children remain overweight as adults, childhood weight control could reduce the future burden of noncommunicable diseases in adults. 12, 13 WHO recommends that 5-to17-year-olds should engage in at least 60 min of moderate or vigorous physical activity per day. 14 Determining the optimum levels of daily physical activity in an adolescent population could have important policy implications with regards to improving the validity of current WHO guidelines.
This review aims to synthesise the current evidence base summarising the association between physical activity and selfreported health status in adolescents. Another aim of this review is to determine whether this relationship follows a dose-dependant pattern and whether WHO recommendations for adolescents' daily levels of physical activity are appropriate.
Methods
All studies (any design) were eligible for the review. Inclusion criteria included studies on adolescents (defined as age 10-18) that had measured (i) physical activity levels and (ii) self-reported health status, and summarized the relationship between them (table 1) .
Following Preferred Reporting Items for Systematic Reviews and Meta-Analyses criteria, 17 searches of the following bibliographic databases were undertaken: MEDLINE, Embase, PsychINFO, SPORTDiscus, EBM Reviews, Global Health and CINAHL Plus. This was supplemented by manual searches, secondary citation and reference searches. Searches were undertaken by one reviewer (E.G.) with independent verification by a second reviewer (R.H.). Disagreements were reconciled through discussion. Search terms included MeSH headings and keywords including 'physical activity', 'motor activity', 'exercise', 'adolescent', 'health status', 'health behaviour' and 'self-perception'. The search strategy was limited to studies published after 2000 to include only most recent evidence, on the assumption that evidence before this date would not take account of the changes in adolescent activity due to the introduction of new technologies such as games consoles, the internet and smartphones. All articles referenced by eligible studies were themselves assessed against eligibility criteria to determine their suitability for inclusion. Using the Institute of Scientific Information Web of Science, all articles citing the eligible studies were also assessed for suitability.
Study quality was assessed using the Strengthening the Reporting of Observational Studies in Epidemiology (Checklist) for cohort, case-control, and cross-sectional studies. 18 
Results
After assessing for eligibility, 11 articles were included in the systematic review (see flow chart in figure 1 ). Nine of these were cross-sectional studies [19] [20] [21] [22] [23] [24] [25] [26] [27] and two were cohort studies. 28, 29 . Table 2 summarizes the main findings of the quality assessment (with a fuller description in Supplementary Appendix S2).
The characteristics of the included studies are shown in table 3. The total number of participants from the 11 studies was 110 330. Gender was described in nine studies 19, 20, 22, [24] [25] [26] [27] [28] [29] and ranged from 43.9% male (29) to 56% male. 26 Papers included in review, n=11 Figure 1 An expanded PRISMA flow chart showing the selection process of studies included in the systematic review association between physical activity and health status reported as an outcome.
described in four studies, 19, 20, 22, 29 and was predominantly Caucasian. One study focused on a population of adolescents with diabetes, 20 Overweight and obesity rates were described in four studies, 19, 22, 26, 28 and rates ranged from 11.6% overweight and 13.6% obese to 22% overweight and 9.5% obese.
Two studies had a follow-up period: in one study, self-reported physical activity data were collected at age 15 and health status data were collected 3 years later. 28 In the other data were collected at age 12 and health status data were collected 5 years later. 29 There was no consistency in physical activity measurement scales and health status measurement scales between the studies (see table 3) Most studies attempted to control for potential confounding factors including age, socio-economic status, BMI, gender, smoking status, ethnicity, sedentary behaviour, alcohol consumption, diet, household size, satisfaction with family and friends, emotional and behavioural problems, long-term illness and handicap/disability (see Supplementary Appendix S1).
Nine studies concluded that high physical activity levels were related to a statistically significant higher level of self-reported general health status. Herman et al. 22 and Kantomaa et al.
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found that there was a statistically significant relationship between high levels of physical activity and health status for both boys and girls. Iannotti et al. 23 found that physical activity was significantly positively associated with health status in all five regions studied (North America, Northern Europe, Southern Europe, Western Europe and Eastern Europe). Iannotti et al. 24 found that physical activity was positively associated with health status in the American and Canadian populations studied. Veloso et al. 27 found that the sedentary cluster (low physical activity, other components matched with active gamer cluster) had significantly lower health status than active gamer or healthy clusters (high physical activity).
The two cohort studies found that the relationship between physical activity and health status persists throughout adolescence. Elinder et al. 28 suggested that taking part in physical activity for more than 4 h per week at age 15 decreased the risk of poor self-rated health at age 18 compared with controls. Regular exercise at age 18 years was also associated with higher self-rated health; this result was statistically significant in both males and females. 28 Gopinath et al. 29 found that the top third in terms of physical activity at baseline (age 12) had a significantly higher PedsQL (Pediatric Quality of Life Inventory) score compared with the lowest third. Those who remained in the top third over the 5-year follow-up period also had significantly higher PedsQL scores compared with those who remained in the bottom third. 29 . Two studies reported a dose-response relationship between the amount of physical activity the adolescents reported engaging in and their self-reported general health status. Lacy et al. 26 found that high physical activity was significantly related to better health status in both boys and girls and in sub populations of age 12-15 years and 15-18 years. Univariate regression models showed a dose-response relationship where higher levels of physical activity were associated with higher health status scores. Galan et al. 21 found a significant linear dose-response relationship between moderate or vigorous physical activity and self-rated health status. The association was more pronounced in boys than girls, but significant in both groups (P < 0.001).
Boyle et al. 19 concluded that there was no statistically significant relationship between high exercise levels and self-reported health status. Faulkner and Faulkner 20 reported that high physical activity was significantly associated with better health perception compared with controls in the Type 1 diabetes sub-group, but the relationship was not significant in the Type 2 diabetes sub-group or for the dataset as a whole. 
H, high risk of bias; L, low risk of bias.
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European Journal of Public Health Lacy et al. Girls: High PA = 4.08 (95% CI = 2.04, 6.11, P < 0.001) points higher PedsQL score than control.
Veloso et al. 
Discussion
This study summarizes the existing evidence for the association between physical activity levels and self-reported health status in adolescents. The review findings show that there is inconsistency in the evidence: two of the studies show no statistically significant association between physical activity and health status 19, 20 and nine report statistically significant associations.
In these two studies, however, quality assessment highlighted that one made no adjustment for confounders; therefore it is possible that the lack of association is due to flaws in the initial study design. 20 It also had the smallest cohort size (n = 151) and the population studied was adolescents with Type 1 or Type 2 diabetes so the findings cannot be generalised and the lack of association might be due to biased study design. The other 19 reflects a reasonably large sample of 1771 adolescents. However, quality assessment shows that some students may have answered the questionnaire twice, introducing a potential source of bias. As well as measuring health status using the PedsQL 4.0 scale, this study also used the European Quality of Life 5 Dimension measure (EQ-5D), a generic quality of life measure not validated for assessment of health status. Results describing the association between physical activity and EQ-5D were not included in this review. Boyle et al. found a statistically significant association between physical activity and one aspect of the EQ-5D (100-point Visual Analogue Scale, which asked responders to rate their overall health today on a scale from 0 to 100). The authors hypothesise that motivated students with higher than average health status were more likely to respond to the survey, resulting in (i) an overestimation of good health in this population and (ii) an attenuation of the association between physical activity and health status.
The other nine studies, which include the two cohort studies, support the hypothesis that there is a relationship between physical activity and self-rated health status in adolescents. Both the cohort studies 28, 29 suggest a cause-effect relation between engaging in physical activity during adolescence and reporting better health status over time. Since only two cohort studies entered this review, it would be premature to assert that this causal link certainly exists. However, all these studies provide credible evidence that engaging in physical activity during adolescence should be encouraged. The study by Lacy et al reports a difference in PedsQL 4.0 score between adolescents with high physical activity levels and those with low physical activity levels that is greater than the score difference seen in a study comparing health status of healthy children and those with diabetes or gastrointestinal conditions. 30 Two studies reported that the association was stronger for boys than for girls. 21, 28 It is possible that adolescent girls prioritise physical activity less in their construct of self-rated health compared with boys, due to gender differences in the way health is perceived. Adolescent girls may give higher value to factors such as weight status and body image.
Two articles described a dose-response relationship between physical activity and health status (increasing levels of physical activity leading to increasing levels of self-reported health status), even at relatively low levels of physical activity. 21, 26 This observation is consistent with other studies that have reported a dose-response relationship in adolescents between physical activity and dyslipidaemia, 31 blood pressure 32 and mental health. 33 The benefits to health status of a relatively low level of physical activity have also been reported by Galan et al. 34 in a young adult population. The fact that the dose-response relationship is evident at a daily physical activity level below that recommended by the WHO has implications for policy. Sedentary adolescents may be discouraged fromattempting any physical activity if the minimum recommendation is set at 60 min per day. Although greater levels of physical activity have the largest benefit to health status, a moderate improvement is seen with only very small levels of physical activity. Therefore to achieve the maximum benefits to health status, physical activity guidelines should follow the principle that even a little exercise is good, but more is better. 35 When considering limitations of this systematic review, it is worth noting that only three of the final 11 eligible articles were retrieved from the initial search strategy and two of these were found to be at high risk of bias. It is possible that the search strategy used was not broad enough to capture all relevant papers. The search was also limited to articles published in English which introduces biases as articles written in other languages are more likely to cover nonWestern populations which may have non-significant findings: Grey literature was not searched and all studies included were journal articles. This may have led to publication bias as studies with positive findings are more likely to be submitted for publication, therefore missing studies with non-significant findings.
At the time of writing, this review is the first to synthesize the evidence for the association between physical activity and selfreported health status in adolescents. The main conclusion is that there is good evidence of a positive association between physical activity and self-reported health status in adolescents, such that increased levels of physical activity result in an improved selfreported health status. The review supports initiatives to encourage adolescents to increase their physical activity levels.
The review also highlights inconsistencies in the way physical activity and health status are measured. Of the 11 studies included in this review, there were eight different scales used to measure selfrecorded physical activity levels and three different scales used to measure health status. Until there is a more standardised measurement scale it will be difficult to pool the findings of separate pieces of research, and for the field to move forward.
In conclusion, there is a positive association between self-reported physical activity and self-reported health status in adolescents, which appears to follow a dose responsive pattern. The benefits of improved health status occur at relatively low levels of physical activity, below the current WHO recommended level, therefore a policy change to encourage sedentary adolescents to engage even in low levels of physical activity would be beneficial. As health status is an independent predictor of mortality, encouraging increased physical activity in adolescents should not focus so much on weight control and obesity prevention, but should encompass improved health status as an intended outcome.
Further research (possibly more cohort studies) should assess the association between objectively measured physical activity (e.g. using accelerometers) and self-reported health status to remove biases in the self-reporting of physical activity levels and therefore improve the reliability of results.
All the populations studied thus far have been from Western, high-income countries with no research in this area amongst populations of adolescents in lower income countries.
Gender differences have been highlighted, showing a stronger association between physical activity and health status in males. The extent of these differences and the reasons behind them should be investigated further.
Supplementary data
Supplementary data are available at EURPUB online. 
Key points
There is a positive association between self-reported physical activity and self-reported health status in adolescents The relationship between self-reported physical activity and self-reported health status in adolescents appears to follow a dose-response pattern Improved self-reported health status in adolescents occur at levels of physical activity below those recommended by WHO Further research is required into the association of selfreported health status and self-reported physical activity in adolescent girls, and on the impact of income and culture.
